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base station repeatedly receives TPC command signals until the upper or 
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control limit is determined in consideration of the fact that ; when a power 
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decrease takes place in a downlink channel of excellent signal quality, the 
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signal quality at the reduced level still allows the base station to respond 
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1 to a possible degradation which may subsequently occur due to a sudden 

2 movement of the mobile station. The maximum power control limit of 

3 the base station is determined by taking account of interference between 

4 mobile stations which would be caused by possible racing conditions in 

5 which they compete for power increase. The number of channels 

6 allocated to the base station is also a determining factor of the maximum 

7 limit of the control range. 

8 However, one shortcoming of the prior art scheme is that, since 

9 power control is effected in a specified rang e that p reven ts the base 

10 ^station to teangnutte ^ RPWgL§jgi^l^^ ^the iainimum power control 

1 1 limi^^pse mobile stations that are located near the base station would 

12 receive power more than what they actually need for their downlink 

13 channels. As a result, useful energy resource of a base station is wasted. 

14 Another shortcoming of the prior art is that, due to the presence of the 
limit Jthose mobile stations that are located far off the base station 




receive power less than what they actuaU ynegd for their downlink 

17 channels even when the transmit power level of the base station still has a 

18 sufficient amount of allowance with respect to its maximum power 

19 control limit. 

20 SUMMARY OF THE INVENTION 

21 It is therefore an object of the present invention to provide a 

22 transmit power control technique for a CDMA base station to achieve full 

23 and efficient utilization of its power resource. 

24 According to a first aspect, the present invention provides a 

25 method of controlling the transmit power of a p luralit y of CDM A 
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1 downlink cha nnels from a base station within a con trol ran g e between a 

2 nominal lower limit a nd a nominal upperUmk , comprising the steps of 

3 receivings at the base station, a command signal from a mobile station 

4 requesting the base station to decrease the transmit power of a downlink 

- — — , Q 

5 channel an £decreasing, at the base station, the transmit power o f the es^l ^jj^ 

6^^wnhnk channel if the downlink channel has a quality higher than a / ^ ' . ' ^ 

— ■ 7 

7 s pecified th igskqld value at the mobile station. ' 

According to a second aspect, the present invention provides a V / >o r 
9 method of controlling the transmit power of a plurality of CDMA 9 ^ 
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Q 10 downlink channels from a base station within a control range between a 



1 1 nominal lo wer limit and a nomin al upperjimit, comprising the steps of 

12 receiving, at the base station, a command signal from the mobile station 

13 requesting the base station to increase the transmit power of the ^ r ^ 

14 downlink channel, and increasing the transnut power if total transmit i ^s^ ^ ^ 

1 5 power of the downlink channels is lower than a specified threshold value.15-^ 

16 According to a third, specific aspect, the present invention ^ 

17 provides a method of controlling the transmit power of a plurality of 

18 CDMA downlink channels from a base station within a control range 

19 between a nominal lower limit and a nominal upper limit, comprising the 

20 steps of (a) receiving, at the base station, a command signal from a mobile 

21 station requesting the base station to decrease the transmit power of a 

22 downlink channel, (b) decreasing jhe trar^mjt power of the d ownlink 

23 channgU) ^^ decremented value of the transmit power is Q y ^r^f- <v> 

24 hig her th anttie nominal lo^^linut^fc) d ecreasing the tran snut power of 

25 the downl ink channel if the quality of the downlink channel at the mobile 

26 station is lower than a specified threshold value even when the 

0 
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1 hypothetically decremented value is lower than the nominal lower limit; 

2 and (d) setting the transmit power o f the do wnlink channe l eq ual to the vo h.W? 

3 nominal lower limit if ttehy pothe ti^ value is lower tha n 

4 the nomina l lower limit a nd the quality of the do wnlink channel at the ^ yJ* ^ ; r ^ 

5 mobile station is lower than the specified threshold value, receiving, at ^ 

6 the base station, a command signal from the mobile station requestingjhe 

7 base station to increase the transmit power of the downlink channel, 

8 increasing the transmit power of the downlink chame^^hyppthetically 

9 incremented value of the transmit power is lov^ than^e nominal upper 
lo^flimitg increasing.the transput power if [total feransmit power of the 




1 1 downlink channels is low er than a specified threshold value even^wl ien 

/fU x. ~ r 

^ ^ 12 the hypothe ticaUyj^rem ented value is greater than the nominal upper ^ ~? x ^ 

/K 13 limit, and setting the transmit power equal to the nom inal upp er limit if 

14 the hypothetically incremented value is greater than the nominal upper 



1 5 limit and the to tal tr ansmit power isequaUo or hi^her^aai Jhyjpecifieri 

16 t hreshold value , 

17 According to a further specific aspect, the present invention 

18 provides a method of controlling the transmit power of a plurality of 

19 CDMA downlink channels from a base station within a control range 

20 between a nominal lower limit and a nominal upper limit, comprising the 

21 steps of receiving, at the base station, a command signal from a mobile 

22 station requesting th e base station to decrease the tra nsmit power of a 

23 downlink cha nnel decreasing the transmit power of th e downlink 

24 channel if a hypothetically decremented value of the transmit power is 

25 high er than the nominal lo wgrjigut, focrementing a count value as long 

26 as the hypothetically decremented value is lower than the nominal lower 
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1 limit, setting the transmit power of the downlink channel to the nominal 

2 low er limit if the count valu eis.smaller than.a.predeterrnined count 

3 value, and decreasing the transmit power of the downlink channel if the 



sjJ ^ [ \JfJ 4 count value reaches the predetermined count valued } p s^n-fa 



*< ^ ^^A 5 M BRIEF DESCRIPTION OF THE DRAWINGS 



' * ^ 69^6 The present invention will be described in further detail with 

^ A ° 7 reference to the accompanying drawings, in which: 

8 Fig. 1 is a block diagram of a CDMA cell-site base station of the 

9 present invention; 

10 Fig. 2 is a flowchart of the operation of the transmit power 

1 1 controller of Fig. 1 according to one embodiment of the present invention; 



\l • 

£H 12 Fig. 3 is a flowchart of an interrupt routine; and 

yl 1 3 Fig. 4 is a flowchart of the operation of the transmit power 
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14 controller according to a modified embodiment of the present invention. 

15 DETAILED DESCRIPTION 

16 Referring now to Fig. 1, there is shown a CDMA (code division 

Q 17 multiple accessjjcgll^i te base station of the present invention. The base 

M 

18 station is comprised of a plurality of CDMA m odems 14-1 through 14-N 

19 pr oyidggLinnum corres ponding^ the number of wireless channels 

20 aU^ated j ojhebase station,. The base station includes an antenna 10, a 

21 duplexer 1 1, an uplink RF amplifier 12 and a downlink RF amplifier 13, 

22 which form a common antenna system shared by all modems 14. The 

23 cell-site station is connected to a base station controller of the mobile 

24 network (not shown) via a line interface 20 that interfaces between the 

25 modems 14 and a system controller 21. A total power detector 22 is 
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provided to detect the total power of downlink transmissions from the 
base station by summing the transmit power levels of all modems. 

Each CDMA modem 14 includes a down-converter 15, an uplink 
signal processor 16, a downlink signal processor 17, a transmit power 
controller 18 and an up-converter 19. 

The base station operates with the antenna 10 to establish CDMA 
channels. Uplink spread spectrum signals from mobile stations contain 
control information such asJ5I]£j(signal to interference ratio) and IPC 
ftransmit power-contol ) codes produced by the mobile stations. The 
mobile-transmitted signals, detected by antenna 10, pass through the 
duplexer 11 to the RF amplifier 12. After the RF amplification, the signals 
are supplied to the down-converter 15 where the radio frequency signals 
are converted to IF (intermediate frequency) signals or baseband signals. 
The output of down*converter 15 is fed to the uplink signal processor 16, 
which includes a circuit for despeading the signal from a mobile station 
that uses the same pseudonoise code as that of the modem in the uplink 
direction and for detecting the transmitted SDR and TPC codes contained 
in the transmitted signal as well as a control signal necessary for call 
processing. The SIR and TPC codes detected by the signal processor 16 are 
supplied to the transmit power controller 18 and the call processing 
signal is applied to the system controller 21. The uplink traffic signal of 
the mobile station is supplied from the signal processor 16 to the line 
interface 20 and transmitted to the network. 

Downlink signals from the network are respectively coupled to the 
modems 14 by the line interface 20. Downlink signal processor 17 
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1 processes the downlink signal by spreading it with a pseudonoise code 

2 determined by the system controller 21 to produce a downlink spread 

3 spectrum signal. The power level of the downlink spread spectrum signal 

4 is controlled by the transmit power controller 18. The power-control 

5 signal is converted to a downlink radio frequency in an up-converter 19, 

6 power-amplified by the RF amplifier 13 and transmitted from the 

7 antenna 10. 

8 As will be described in detail, the transmit power controller 18 

9 determines the t tr ansmit pow e r of the modem based on the SIR ( signal to 

10 interference ratio ) and TPC (transmit power control) values from the 

1 1 uplink signal processor 16 and the current total power level of the base 

12 station supplied from the total power detector 22. 

13 In a first embodiment of the present invention, the transmit power 
/f 14 controller 18 operates according to the flowchart of Fig. 2. 

J 15 When SIR and TPC codes of a given mobile station are detected and 

16 supplied from the uplink signal processor 16, the operation of the 

17 controller 18 begins with decision step 31 to check to see if TPC is a "0" or 

is j/'r. 

19 If TPC = 0, it is determined that the downlink channel of the given 

20 mobile station is of excellent quality, re questing that the power level of 

21 thatji annel be decrement ed, and flow proceeds to decision step 32. In 

22 this step, the transmit power controller 18 calculates die difference in 

23 decibel (dB) between the current base-station power level Pjx and a 

24 |teps^e ^wervalue P STP and determines whetherthe difference is equal 

25 to or greater than die minimum powerj^yel Zj^j of the controllable 
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1 range ofjhebase station. If the decision at step 32 is affirmative, flow 

2 proceeds to step 33 to decrement the power level P rr-h y the stepsi ze 

3 value P STP and returns to the starting point of the routine. If the decision 

4 at step 32 is negative, flow proceeds to step 34 to compa re the SIR value 

5 with a predete rmined threshold value T sm . wM^-e 
— ILSEL^IsiR' it k determined that despite the fact that the 

^ ^y- 7 downlink channel of the given mobile station is of excellent quality the 

b transmit power of the base station cannot be lowered below the minimum 
I 9 level Pj^. In other words, the downlink channel still has an excellent 

10 quality to tolerate a reduction of power. If this is the case, flow proceeds 

1 1 from step 34 to step 33 to decrement the current transmit power level Pjx 

i 

12 by the stepsize value Pstp^^ ^ 0 T vVjt&v ' 

13 If SIR < T SIR/ it is determined that a power reduction of the 

r\ ^ " 

Qb 14 downlink channel would cause a quality degradation. In this case, flow 

O 

15 proceeds to step 35 to set the c^ent powe r level Pjx equal to the 

16 minimum level P^tn/ and returns to the sta rting point of the routine. 

17 If TPC = 1 (step 31), it is determined that t he downlink channel of 
S ~ 

1 8 the given mobile station is of poor quality , req uestin g that the power level 

q&^t^r'* 19 of that channel be increm ented. In this case, flow proceeds to decision 

^ 20 step 36, where the transmit power controller 18 calculates a sum (dB) of 

/\QC/'' *s 21 the current base-station power level P^ and the stepsize value P S xp and 

0 » 22 determines whether the calculate d sum is eq ual to or smaller than the 

— ^^^^^^ngcweyg^el Pmax °* ^ e controllable power range of the base 

24 station. 

25 If the decision at step 36 is affirmative, flow proceeds to step 37 to 
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1 detennine if the current transmit power level P^x is lower than the 



2 pmun ^ower level Pmin * Such a lower-than-minimum situation can 
7^ 3 occur if the controll er 18 has previousl y executed step 33 following an 
4 affirmative decision at step 34. If this is the case, the controller 18 



5 proceeds from step 37 to step 38 to ca lculate a sum of minimum jywer^ 

6 level P^flN andthe^ psge^value Pqtp an d set the current power level 

j ^^J^Ptx equal t^^^^^^^^^^^^ 111 ^ rchims to the starting point of the 

^\ 8 routine. 

^ ^ 9 If the decision at step 37 reveals that a higher-than-minimum 

10 situation exists, flow proceeds to step 39 to increment the power level Pyx 

11 by the stepsize value Pstp and then returns to the starting point of the 

12 routine, 

13 If the decision at step 36 is negative, the controller 18 compare the 

14 output signal from the total power detector 22 with a threshold value 

1 5 T TO tal ( ste P I* ^ e current total power Pjotal is equa l to or lower 

1 6 than the threshold value T TOTAL/ it is determined that the base s tation 

17 has a sufficient am ount of margin to incr ease th e po wer lev el of the 

18 downlink channel without causing interference with other mobile 

19 stations. If this is the case, the controller 18 proceeds to step 39 to 

20 increm ent the curre nt-power level Pjx by the stepsize value P STP . 

21 If the decision at step 40 is negative, flow proceeds to step 41 to set 

22 the-Current powe r level equal to the ma^im^m^powerJevel P MAX and 

23 returns to th e starting p oint of the ro utine^ 

24 While mention has been made of an embodiment in which the 

25 incremental stepsize is of constant value, t he present invention could 
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1 equally be as well applied to an embodiment in which the stepsize is 

2 adaptively contro lled in an interru pt routine a s shown i n Fig. 3. 

3 In Fig. 3/ the interrupt routine begins with initialization step 51 in 

4 which the controller 18 sets a count value C to (La nd determines, at step 

5 52, if_ttieJTC_v^uej)f a downlink channel is "V . re questing the base 

6 stati on.^increa seitep ^ver_lgvel . If so, the controller 18 proceeds to step 
\ 7 53 to check to see if the current power level Pjx of the downlink channel 

8 is lower than a threshold level P A , If Pyx is smaller than P A/ the controller 

9 18 proceeds to step 54 to increment the count value C by one and 



£"•1 



t j j l o compares t he count v alue C to a threshold value C^at step 55, If the 

y\ 1 1 count value C is gm aller than the jtresholj^alu^^ , steps 52 to 54 are 

£ j 12 repeated until the count value C exc eeds the threshold value C H , If such 

to ^' 

u) 13 a lower-than-threshold (P^ < P A ) condition continues for an interval 

g 14 corresponding to the threshold value C H/ the controller 18 proceeds from 

fU <^ 15 ste P ^ to ste P ^ t0 ™ xemen t ^ e stepsiz ejgalue Pgjp by P^where Pj x _< 

gj ^ju 5^ 16 ^ Pa- Following step 56, thejrajismit power TO jitroller-18-returns to^ 

1 17 the main routine. If the decision at steps 52 and 53 is negative, the 

18 controller 18 returns the main routine without altering the stepsize Pstp- 

19 A modified control algorithm of the transmit power controller 18 is 

20 shown in Fig. 4 in which parts corresponding in significance to those of 

21 Fig. 2 are marked with the same numerals as those used in Fig. 2. 

22 According to this modification, the SIR signal is not used. Instead, a count 

23 value K is employed to represent the length of time in which the 

24 decremented power level is lower than the lower limit P^j^ of the power 

25 control range. 
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In Fig. 4, if TPC = 0 at step 31, the downlink channel of a given 
2 mobile station is requesting the base station to d ecease its powerlevel. 
y~) 3 Transmit power controller 18 thus proceeds to step 32 to determine 



^ 4 whether the difference between and P STP is equal to or greater than 

s 5 the minimum power level P^msj of the base-station power control range. 

* 6 If the decision at step 32 is affirmative, flow proceeds to step 61 to set a 

7 count value K to. 0 and decrements the power level Pjx by the stepsize 

— u*9 fy 8 value P STP (step 33) and returns to the starting point of the routine. 

^ (J fo^*** 

^ * ma *oT*c 9 If the decision at step 32 is negative, the count value K is 

S "tr^^l V*™ incremented by one (step 62) and compared to a threshold value T K (step 
g * S ) ^ ^ 11 Th** 5 ' count value K re P resents to* length of tj mejhat a situatio n 

til T 12 P TO - P STp < continues. If K = T K , the count value K is reset to 0 

m ^ k 13 (step 61) and step 33 is executed by decreasin g the Pry value by the 
J/ s *, \l l^^st epsize P ST P > If K < T K , flo w proceeds from step 63 to step 35 to s et the 

p?| ^ ^ *y 15 current value Pfx to Pm in- As a result, the power level P-px will be 

IS ^ V* > " — : — ^ 

U o ^ ^ 16 maintained at P^^n as long as the situation Pyx - Pstp < ^min c ontinues. 



W'./^*/^ . =*"~y ~ ~ 

p ^e^r ^ I 17 for an interval of time that corres ponds to the|threshold T^. ^ ^K^? 

?,A,A 18 ^ Therefore, when the decision at step 63 is affirmative, it is ff* f<L *r fW 

19 determined that des pite the fact that the transmit power o f a given 

20 downlink channe l h as bee n held at m inimum P m in * or m extended 

21 period of time, the quality of that given channel is still excellent to 



22 tolerate a further red uction of power . For this reason, the controller 18 

23 proceeds to step 33 to further reduce the current transmit power level 

24 after resetting the K value to zero at step 61. 

25 If TPC = 1 at step 31, indicating that the mobile station is 
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1 requesting a power increase, the controller 18 proceeds to step 64 to reset 

2 the count value K to zero before proceeding to decision step 36. 
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